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We consider observational signatures of the collisions and partial destructions of giant exoplanets
at the chaotic stage of the planetary systems evolution. The rate of these collisions in the Galaxy
is estimated to be ∼ 0.01 − 1 yr−1. In the inelastic collision with a small relative velocity and
small impact parameter, the planets may sufficiently lose their kinetic energy and merge together.
Otherwise, if the planet is experienced a shallow tangential collision, it flews safety away. At the
same time, the planets loss some part of their gas envelopes during mutual collisions. Collisions of
the giant planets must be accompanied also by the radiation of energy from the radio to optical
bands. The optical and near UV flashes result from the collision heating of the planet surface layers.
Additionally, the collision compression and collapse of the powerful magnetosphere of giant planets
are possible, with a successive generation of the radio bursts. According to our estimations, the
corresponding rate the radio bursts is ∼ 0.01 − 1 bursts per year with the maximum spectral flux
∼ 30 mJy at the frequencies ∼ 3 GHz and with a duration of the each burst ∼ 1.5 hours. These
signals are available for registration by the existing radio telescopes.
I. INTRODUCTION
Recently a lot of exoplanets — the planets outside the
solar system in the orbits around the distant stars, have
been found. Most of the discovered planets belong to
the class of giant planets, like Jupiter, because of the
observational biases and limitations. A few of the solid-
surface extrasolar planets of the Earth type are also been
detected. Now, it is already evident that the planetary
systems are not rare, but instead of, are the typical as-
tronomical phenomena. About 8-23% of stars contain
Jupiter-like planets (0.3-10 of Jupiter mass) with an or-
bital semi-axis a = 0.5 − 10 AU [1]. Some stars contain
multiple gas giants, e. g., the system HR 8799 has four of
these planets [2].
The planets in the Solar and the other planetary sys-
tems have being born in the gas-dust disks, resulting from
the compression of the protoplanetary clouds along the
axes of common rotation. The terrestrial planets formed
by the aggregation of dust particles and the larger plan-
etesimals. The giant planets are formed probably by the
accretion of gas onto the solid seeds with a mass of the
order of a few Earth masses or in the alternative process,
from the gas condensation due to the gravitational insta-
bility in the protoplanet disk [3]. After the starting of
nuclear reactions in the central star, the light elements
remaining in the gaseous phase were carried out to the
periphery by the stellar wind, with the exception of ma-
terial which is already condensed into the protoplanets.
The protoplanets can scatter gravitationally, collide,
merge or destruct during the various stages of the plan-
etary system evolution [4–7]. The catastrophic collisions
are possible especially at the early stage of planet forma-
tion, when mutual scattering of planets are most often,
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and the protoplanet orbits are rather chaotic and unsta-
ble. The process of planetesimal collisions and merges is
considered as the mechanism of aggregation and growth
of the terrestrial planets and as the central stony or metal
cores of giant planets. The collisions with a successive
merging or destruction of the terrestrial planets were con-
sidered, for example, in [8–10]. Collisions and merges of
the giant planets may also be the important factors in
the early evolution of at least in some of protoplanetary
systems [7]. There are several mechanisms for the ap-
pearance of the overlapping planetary orbits, resulting
in the catastrophic collisions. These are the collisions
at the early chaotic stage, the convergence and intersec-
tion of orbits in their slow evolution (migration) and the
resonant and three-body interactions.
The consequences of the mutual collisions of giant
planets will depend, in particular, on their internal struc-
ture, the ratio of planet masses, the relative velocities, the
impact parameters and the angular momentums. The
corresponding consequences of collisions for terrestrial
planets with the solid surfaces were considered in [8].
For the giant planets, the depth of interpenetration of
the gaseous (or liquid) shells of two planets is very im-
portant, because the density in the outer layers increases
inward very sharply. In the inelastic collision with a small
relative velocity, if the collision inveigles a large fraction
of mass, the planets lose a sufficient part of there relative
kinetic energy to merge into a single object. Otherwise,
the planets will experience only a shallow tangential col-
lision and flew safety away. In any case, some amount
of the planet material may be released, especially in the
region in between the planets, where the mutual gravity
influence is compensated. A gaseous component from the
external layers will quickly disperse after collision. The
intriguing problem is a fate of the intermediate regions of
giant planets, which are probably composed of the liquid
metallic hydrogen [11–13]. The disturbance of the metal-
lic hydrogen region may drastically change the magnetic
2dynamo operation, resulting in, probably, a very power-
ful electromagnetic energy release.
Collisions of giant planets must be accompanied by the
energy release from the radio to optical bands. The op-
tical and near UV radiation are the results of the col-
lision heating, or, in other words, the transformation
of mechanical energy into the heat. The compression
and destruction of the planet magnetospheres lead to the
generation of the powerful bursts of the radio waves at
the cyclotron frequencies. The corresponding signals are
available for registration. The magnetospheric emission
from the extrasolar planets and perspectives of their de-
tection were discussed in the literature, see e. g. [14, 15]
and references therein. This emission (which is observ-
able for the case of the Solar system planets) is a result
of the interaction between hosting stellar wind and the
planets magnetospheres. The anticipated signal from the
Jupiter-like planet has the frequency ∼ 40 MHz and with
a power ∼ 1018 erg s−1. In this paper we predict a harder
and more energetic radio bursts resulting from the giant
planets collisions.
II. RATE OF GIANT PLANET COLLISIONS
At the initial stage of the planetary system formation,
the planets have a rather chaotic orbits [5] and they are
often intersecting. A a result, the planets are scattered,
collided, partially destroyed and merged. The possible
explanation of specific configuration of the solar system
may be in the early existence of the fifth giant planet,
which was ejected from the solar system in the scatter-
ing event [16]. The important process for the formation
of planetary systems is the so-called effect of “orbit mi-
gration” — the slow orbit change due to interaction (ex-
change of the angular momentum) with the gaseous disk
(see e. g. [5, 17]). For orbits with a different ellipticity
and different inclination to the ecliptic, the orbit migra-
tion can lead to the intersections and collisions of planets.
The collision cross-section of two spherical massive
bodies is [18]:
σcoll = pi(r1 + r2)
2
[
1 +
2G(m1 +m2)
(r1 + r2)v2rel
]
, (1)
where r1,2 and m1,2 are the planet radii and masses, and
vrel is their relative velocity. The first term in the brack-
ets corresponds to a purely geometrical collision cross-
section, while the second term takes into account the
gravitational focusing. If we consider the process of the
destruction of the inner layers of a gas-giant planets, then
radii r1,2 in (1) should be considered as the radii of these
layers, while massesm1,2 remain equal to the total masses
of the planets. For estimation, we assume that a proto-
planetary disk contains N giant planets inside a char-
acteristic heliocentric radius L and thickness 2H . The
thickness of the protoplanetary disk can be estimated
from the relation H ≃ αL, where α is the characteristic
angle of the orbit inclination to the median plane.
Let us consider at first the case of chaotic orbits. We
do not take into account the dependence of all involved
quantities on the distance from the star. We also consider
only the average values of all characteristic parameters.
The characteristic planet collision time-scale, having the
number density n2 ∼ N/(piL
3α), is
t
(1)
coll ∼
1
n2σcollvrel
∼ 2.4× 105 yr, (2)
where numerics correspond to the following choice of pa-
rameters: α = 2.5◦, L = 9 AU, vrel ≃ 13.1 km s
−1,
N = 5, R = RJ ≈ 7× 10
4 km, M =MJ ≈ 10
−3M⊙.
The motion of protoplanets is gradually in time be-
coming a more regular one. In result, the convergence
of the Keplerian orbits at the later stage can not be
considered as an accidental. Consider now the case,
when the protoplanet orbits are almost stabilized, with
a remained orbit migration time-scale tmig ∼ 10
5 yr
[19]. The characteristic velocity of orbit migration is
vmig ∼ L/(2tmig) ≃ 2 × 10
−4 km s−1. We introduce
now the parameter of chaos:
η =
vmigTorb
rp
∼ 0.1
(
tmig
105 yr
)−1
, (3)
where Torb is an average orbital period of the planets,
and rp = (σcoll/pi)
1/2 is the impact collision parameter.
The randomness condition, η > 1, implies that possible
successive collisions are all independent of each other,
and described by the cross-section (1). The collision time
in this case is given by (2). Otherwise, if η < 1, the planet
at the each next period will pass partially through the
region of space where it was previously, and therefore the
collision probability is suppressed. In other words, if η <
1, the collision cross-section sweeps the volume of space
∼ tvmig2rp2pirorb during the time t, where rorb ∼ L/2
is the average radius of the orbit. Using, as previously,
the characteristic parameters of the protoplanetary disk,
we estimate the collision time for the case of the orbit
migration
t
(2)
coll ∼
1
4pirorbrpvmign2
∼ 1.4× 106 yr. (4)
Since the quantity (4) is of the order of magnitude greater
than the corresponding characteristic time-scale of the
migration, the probability of the planet collisions at the
stage of the orbit migration would be ∼ 1/10. After the
finishing of chaotic phase and stabilization of the orbits,
the collisions are possible due to the slow changes of or-
bits under the influence of weak perturbations.
On the basis of smallness of the characteristic times-
scales in the estimations (2) and (4), it is reasonable to
assume that fs ∼ 0.001− 0.1 for collisions of giant plan-
ets such as Jupiter per each star during the period of
planet formation in the protoplanetary disk. Really, the
simulations of [20] show that the collision probability is
of the order of 1-5% due to the multiple (3 or more)
3planets interactions. If we took into account the con-
servative estimation that ∼ 10% of the star systems in
the Galaxy contain Jupiter-like planets [1], we obtain the
lowest rate fs ∼ 0.001, but in the optimistic scenario it’s
higher by about two orders. In the Galaxy, during the
time ∼ 1010 yr, there were ∼ 1011fs collisions of pro-
toplanets. In this estimation it is taken into account
that stars in the Galactic disk are formed with a nearly
steady rate during the history of the Galaxy [21]. As a
result, the rate of giant planet collisions in the Galaxy
is ∼ 10fs yr
−1. A similar estimation follows from the
currently measured rate of star formation in the Galaxy,
3 − 4M⊙ yr
−1, if the planet collisions take place mainly
during the early stage of planetary systems evolution.
III. MERGING OR FLYING AWAY OF
PLANETS IN COLLISIONS
There are two possibilities for the fate of planets after
collision: (i) the merging into a single object or (ii) the
grazing touching with some matter loss and a final flying
away. For the total planet destruction collision, the rela-
tive velocity (which is of the order of the orbital velocity
vorb) must exceed the escape velocity v2 on the surface of
the planet (for a solid planets the requested excess must
be 2-3 times larger). For the Jupiter, orbiting a Sun-like
star, the corresponding orbital radius for planet destruc-
tion is r = GM⊙/v
2
2 =0.25 AU. The condition v2 < vorb
is valid for the major part of known exoplanets — “hot
Jupiters”. In the opposite case, v2 > vorb, the planets in
the head-on collision will merge, and their fragments will
combine finally into the single large planet.
The interesting are the tangential planet collisions,
when planets are flying away after mutual close en-
counter, by experiencing the contact or grazing interac-
tions only of their outer layers. Let us consider the case
v2 > vorb. In the regions of geometric intersection of
planets during collision, all collided matter will stop, and
its kinetic energy is partially converted into the heat. The
collided planets will flying away, and the stopped matter
is partially gravitationally attracted by the planets.
Now we find a condition for the release of metallic hy-
drogen from the interior of the planets, during planet
collisions. It is interesting, in view of the possible power-
ful electromagnetic energy release, during collision of this
type. We also consider the possible metallic-hydrogen re-
lease in free space. This effect will provide in principle
the unique information on the properties of the supposed
metallic-hydrogen, which are unattainable in the modern
laboratories.
To estimate the mass of the captured matter during
the contact planet collision we approximate the collision
area by the plane cut of the sphere, whose lower flat
area is close to the center of the planet at a minimum
penetration distance r, see Fig. 1. The corresponding
v
r
Figure 1. The geometric configuration of the planets collision.
The surface of the first planets moves relative to the center of
the second one at the minimum penetration distance r. The
“hats” on the collided planets enclosed by the dashed lines
are grazed during the close encounter and partially ejected.
captured mass ∆M , presented in the Fig. 2, is
∆M = piR3
1∫
r/R
dx(1 − x2)ρ(Rx), (5)
where ρ(r) is the matter density, depending on the dis-
tance from planet center r = xR, and R is the planet
radius. For the density ρ(r) we take model calculations
of the internal structure of Jupiter [12], shown in Fig. 35.
The Fig. 2 shows the affected mass ∆M/M in depen-
dence on the minimum distance from the planet center.
The internal metallic hydrogen layers of the Jupiter will
be affected by the collision, if r/R < 0.8. The corre-
sponding minimum release of the matter (the metallic
hydrogen) in this case is
∆M/M ∼ 1/80. (6)
The relative velocity v of the planets at the moment of
the collision exceeds vrel due to the gravitational focusing:
v = vrel
[
1 +
2G(m1 +m2)
(r1 + r2)v2rel
]1/2
≃ 60 km s−1. (7)
Let us assume for estimation that about half of the grazed
mass is captured back by the gravitation of the planets.
The corresponding energy loss for the attraction of this
mass is U ∼ G(∆M/2)M/R. This energy is equal to the
work of pressure in the hydrostatically supported planet
[13]. The planets do not merge into a single body, if U
is less than the initial kinetic energy of relative motion
µv2rel/2, where µ = M1M2/(M1 + M2) = M/2 is the
reduced mass and vrel ∼ vorb. For collision of the Jupiter-
like planets at the orbit of the radius rorb around the
40.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95
rR
0
0.02
0.04
0.06
0.08
0.1
D
M

M 120
180
Figure 2. The relative mass loss ∆M/M in dependence of the
penetration radius r (in units of the planetary radius R) of
the giant planet with internal structure similar to the Jupiter.
The horizontal dotted line indicates the ∆M/M ∼ 1/80, when
grazing collision attains the region of the metallic hydrogen.
The second dotted line corresponds to the ∆M/M ∼ 1/20,
when collided planets are merged due to the loss of the rel-
ative kinetic energy. In the intermediate region the metallic
hydrogen can be ejected. For comparison, the dashed curve
shows the corresponding mass loss for the Saturn.
solar-mass star, this criterion gives
∆M/M⊙ <
R
2rorb
≃ 4× 10−5
(
R
RJ
)( rorb
5.2 AU
)−1
, (8)
i. e., ∆M/MJ ∼ 1/20. Thus, there is a mass interval
from (6) to (8), when matter ejection is possible. We
provide here only the numerical examples, which is model
dependent. This section contains only the rough order of
magnitude estimations, which could be improved by the
detailed numerical simulations.
The probability of collisions involving the grazing of
the metallic hydrogen can be estimated from the cross-
section (1). This cross-section is proportional to the first
power of (r1 + r2) for the considered velocity conditions.
From (8) we find (see also Fig. 2) that planets are merg-
ing with the probability 68%. The release of the metallic
hydrogen will occur with the probability 80− 68 = 12%.
The remaining probability 20% corresponds to the tan-
gent collisions, when planets are touched by only their
outer atmospheres.
IV. ENERGY RELEASES AND RADIO BURSTS
Here we provide an order of magnitude estimation of
the energy release at the collisions. The ejected metallic
hydrogen is likely to have a very dispersed form, com-
posed of the fragments and droplets of various sizes,
which are expanded and evaporated very fast. The dis-
tribution of the fragments by sizes for the destruction
of gravity-dominated bodies was calculated in [9] and
with a good accuracy has the power-law form n(D)dD ∝
D−(β+1)dD, with the index β ∼ 3.5 − 4. The upper
metallic hydrogen layers in Jupiter have the temperature
T ∼ 104 K. Immediately after collision, the ejected frag-
ments will experience the heating due to transfer of the
kinetic energy the into heat. Indeed, the kinetic energy
of matter is E0 ∼ ∆Mv
2/2. If the ejected material would
be heated uniformly, then its temperature would rise by
the amount ∆T ∼ E0/(∆MC) = v
2/(2C) ∼ 5 × 104 K,
where C is the specific heat capacity of metallic hydro-
gen. For C, we choose the heat capacity of liquid hydro-
gen from [22]
C(T ) = 6.86+0.66×10−4T+0.279×10−6T 2 kJ kg−1K−1
(9)
with T ∼ 104 K. In addition, without the pressure sup-
port, the metallic hydrogen transforms into the dielec-
tric phase with a possible energy release 290 MJ kg−1
[23]. Therefore, we expect the heating and the flashes of
light up to the UV band. On the other hand, the ex-
panded hydrogen droplets will cool after their ejection
into the zero pressure environment. As a result, we ex-
pect the formation of very dispersed and partially ionized
hydrogen clouds around the collided planets. This clouds
will screen the radio signals at the frequencies below the
plasma frequency ν0 = 9× 10
−3n
1/2
e .
The collisions of giant planets will also generate the
bursts of radio waves due to the destruction of their
powerful magnetospheres and the magnetic lines recon-
nections. Let us consider the initial stage of the colli-
sion, before the formation of the screening gas clouds.
The magnetic field at the visible surface of the Jupiter
is Bi ∼ 10 G. The magnetosphere extends for a distance
∼ 102 of the Jupiter radius. Note, that at the age of a
few Myr the magnetic field of the giant planets was about
the order of magnitude larger, in comparison with the old
(several Gyr) planets [14]. For this reason we may pro-
vide the conservative estimation below. The collision of
planets excites the plasma turbulence and provides the
strong compression of the matter. For the case of the one-
dimensional compression, the magnetic field can increase
up to the value Bf ∼ 10
2(κ/102)Bi. The corresponding
energy of this magnetic field
Em ∼
4piR3J
3
B2f
8pi
∼ 6× 1034
(
κ
102
)2
erg. (10)
This energy is released during the time interval ∆t ∼
RJ/vrel ∼ 1.5 hours. Therefore, the radiated power is
Pm ∼ εEm/∆t ∼ 10
31ε(κ/102)2 erg s−1, where ε is the
efficiency of the magnetic to radio energy transformation
through the electron cyclotron radiation. If the burst
occurred at the distance lm, then the observed flux is
Lm ∼
Pm
4pil2m
∼ 10−15ε
(
κ
102
)2 ( lm
10 kpc
)−2
erg s−1 cm−2.
(11)
We assume that the emission of the energy in the
plasma in magnetic field occurs at the cyclotron fre-
quency ωc/2pi = eBf/(2pimec) ∼ 3 GHz with the spectral
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Figure 3. The rate of the radio bursts from the collisions
of giant planets in the Galactic disk. The logarithm of the
number of bursts per year is shown on the vertical axis with
the observed flux on the Earth > Fm, measured in Jansky.
Two solid curves correspond to the number of collision per
each star fs = 0.01 and fs = 0.1 during the time ∼ 10
10 yr,
and ε = 1 in the both variants. The dashed curves show the
same for ε = 0.01.
density
Fm ∼
Lm2pi
ωc
∼ 3× 10−2ε
(
κ
102
)2( lm
10 kpc
)−2
Jy,
(12)
This power is strong enough for registration by the mod-
ern radio telescopes, which have a typical sensitivity
∼ 10 µJy, if ε > 3 × 10−4. Note that ε is a free pa-
rameter in the current level of the research.
Finally we estimate the distribution of radio bursts ob-
served from the Earth, by taking into account the struc-
ture of the Galactic disk. We assume that collisions of the
planets are uniformly distributed during the time inter-
val tg ∼ 10
10 yr. Additionally, we will use the standard
exponential model of the surface density of the stellar
disk:
σs(r) =
Md
2pir20
e−r/r0 (13)
where Md = 8× 10
10M⊙ and r0 = 4.5 kpc. In this equa-
tion the distance of the star from the center of the Galaxy
r(l, θ) = [l2+ r2⊙ − 2lr⊙ cos θ]
1/2 is expressed through its
distance from the Earth l, where r⊙ = 8.5 kpc is the dis-
tance of the Sun from the Galactic center, θ is the angle
between the directions to the star and to the center of
the Galaxy. The requested rate of bursts with the signal,
greater than Fm, is
N(> Fm) =
2pi∫
0
dθ
lm(Fm)∫
0
dllfst
−1
g σs(r(l, θ))/m∗ (14)
This rate of bursts is shown at Fig. 3 for ε ∼ 0.01 and 1,
where lm(Fm) is the inverse value of (12), and fs = 0.01−
0.1 was evaluated in the Section II. The convergence of
the curves at the left side of the Fig. 3 corresponds to the
fact, that the sensitive telescope sees all the disk for the
both value of ε. Finite disk thickness will modify the high
energy limits to N(> Fm) ∝ F
−3/2
m , but these events are
rare. In result, we see that the radio bursts are available
for the registration, if they could be distinguished from
the backgrounds or some other transient radio signals.
V. CONCLUSION
The collisions of giant planets in the process of the
planetary system formation are fairly frequent, ∼ 0.001−
0.1 collisions per each planetary system. During these
collisions the planets either are merged, lose the energy of
relative motion, or are partially destroyed by losing their
outer shells. Collided planets will experience free oscil-
lations with decreasing amplitude and the set of charac-
teristic periods from 20 to 200 minutes [24].
Pieces of solid rock from the cores of the giant plan-
ets could be formed only in the collisions with the large
relative velocities. This is possible only under the excep-
tional circumstances (on the planet orbits very close to
the hosting star or after the supernova explosion). The
stony meteorites from the cores of the giant planets dif-
fer from the ordinary stony (and iron) meteorites in the
sense, that in the interior of giant planets the matter has
been exposed to the much higher pressures than in the
depths of the terrestrial planets. In addition, in the cores
of the giant planets the rocky matter was in contact with
the dense hydrogen medium, which could also be reflected
in the chemical composition of the meteorites.
There is a physically reasonable hypothesis about the
metastability of small pieces of the metallic hydrogen
during a very long time interval (∼Gyrs), initiated by the
theoretical works on the possibility of the zero-pressure
metastable state [25, 26]. In particular, in the framework
of this hypothesis the collisionally released fragment of
the metallic hydrogen may explain the Tunguska mete-
orite (M. N. Tsymbal and V. S. Markin model). Respec-
tively, the combustion of small metallic hydrogen dust
particles in the Earth atmosphere would be responsible
for the strong ball lightening [27]. In the same line of rea-
soning, the observed rapid disappearance of the circum-
stellar disk around the Sun-like star TYC824126521 [28]
could be explained by the decay of the ejected metallic
hydrogen with a metastability time-scale of the order of
several years. These speculations, though sounding exit-
ing, have not the reliable support in the theory of metallic
hydrogen, which can not predict exactly the metastabil-
ity time-scale (review of the problem can be found in
[29]).
Energy release from the radio to optical band will ac-
company the giant planets collision. The anticipated
optical and near UV radiation are the results of trans-
formation of the mechanical energy into the heat with
the heating over 104 K. During collisions of giant plan-
6ets, the collapses of their powerful magnetospheres are
possible, accompanied by the generation of strong radio
bursts. Our estimations show that one can expect about
∼ 0.01− 1 bursts per year with a maximum spectral flux
∼ 30 mJy at the frequencies ∼ 3 GHz and with the dura-
tion of the each burst ∼ 1.5 hours. To improve the obser-
vation signatures it is requested to scan presumably the
Galactic regions of young stars because collisions of gi-
ant planets take place preferably in the recently formed
systems. In addition, one can use the automatic syn-
chronized telescope systems to search for the radio-burst
signals after the optical ones.
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